Most of the glass finds are soda-lime-silica glass. As a result of the chemical analysis, they have been classified into two groups by the rate of potassium content:4 group A shows a low content of potassium and strontium, and group B shows a high content of potassium and strontium. This distinction was presumably caused by the cases in which either natron or plant-ash was used as the supply source of alkali (potash).5 There is also some high lead glass.
As for the color of the glass from Raya, the most popular is transparent pale bluish-green, which comprises about sixty percent of the whole. The second most is colorless, which is about twenty percent. Besides these, there is pale colored glass of green, blue or dark brown caused by impurities, and colored glass of deep blue, purple, or brown which is mainly in the decorative glass group.
As for shapes, the cylindrical deep dish or beaker type is the largest in quantity, comprising more than sixty percent of the total. Other kinds of bottles are about fifteen percent each. Although not many, fragments show other shapes to be cups, jars, plates, bowls, lamps, cupping vessels, and window glass, etc.
The decorative glass makes up a little more than ten percent of all the registered glass. In the order of quantity, the excavated glass is given as follows: tooled and impressed decoration (38%); molded (14%); stained (13%); wheelcut (9%); incised (8%); stamped (3%); threaded (3%); and imbedded (2%). The most important object among them is an intact flaring beaker with linear-cut decoration excavated from the northwest part of the fort. It was found at an elevation of 10.299 m above sea level in the upper part of Room no. 12-6 in the fifth excavation in 2001 (figs. 1 & 2a, b) . Thirteen fragments of decorated glass were unearthed in this room and all date to between the ninth and tenth centuries.
The monochrome luster-stained and linear-cut glass beakers were found in the upper layer of the part where the above-mentioned intact beaker was unearthed. Glass fragments with pinched, stamped, orange luster-stained, incised, impressed and molded decoration were excavated from the lower layers. The intact flaring beaker came from the layer above that which yielded the orange luster-stained glass datable to the ninth century, or the glass with incised, impressed and molded decoration belonging to group A, which is compositionally characteristic of the early Islamic period. Judging from the relative observation of the strata, there is a high possibility that the flaring beaker dates to the tenth rather than the ninth century.
It is soda-lime-silica glass, the typical composition of Islamic glass.
Similar to the other colorless, it belongs to group B and contains much manganese for the decolorizing effect. As J. Kroger also pointed out, it is thought to have been produced by the mold-blown technique because its interior is rounded and its thickness increases near the base.6 After it was taken out of the mold, it was attached to the pontil rod and cut off from the blowing pipe. Although the reheating treatment was usually applied to the rim of a vessel, no trace of it can be seen on the rim of this beaker, and it was just cut off The base is flat and slightly thickened and the wall flares. The height is 10.0 cm, the diameter of the rim is 8.1 cm, and the diameter of the base is 5.4 cm. Based on the finds from Nishapur, Kroger divided the objects of this shape into two standard sizes: the common beaker is 10.0-11.0 cm in height and a larger version is 14.5-15.5 cm in height.7 Using this system, the Raya flaring beaker is the Except for the intact beaker eighteen fragments of a similar type were excavated from Raya: four rim pieces; ten base pieces; four body pieces (table 1  & fig. 3 ). These were concentrated in the northeastern area of the fort ( fig. 1 ). All are the clear colorless type. Their rims were not reheated, like the intact beaker. The bases are flat but can be divided into two types: one is right-angled on the outside but rounded on the inside and thickened (figs. 3-1,11,14,17) , while the other is right-angled and its thickness is almost the same as the body (figs. 3-7,10,12,13,15,16) . In diameter the rims are 7.0-8.5 cm, and the bases are 4.0-6.0 cm.
The decoration characteristic of these beakers is a dividing horizontal line. Usually, one or two grooved lines were made below the rim (figs. 3-1-4). They are 1 cm from the top inside the rim, and 2-3 cm below the top on the outside of the rim, or the lines may appear on both sides. The lines at the center of the body or near the base are the linear-cut style. The main motifs are geometric designs, in their simple type as combinations of double lozenges, ovals, short curves, etc, and in the complicated type as plant patterns in a hatching technique (figs. 3-5-17) . Seven of the former and four of the latter were recovered. The cut of the latter type is deep and elaborate. In the excavation at Sabra al-Mansuriyya in 1922, fourteen pieces of almost intact glass vessels, including four flaring beakers, were found in a large earthen jar.10 There is a beaker with a pseudo-script design like the Raya object, and G. Marcais interprets it as the word "baraka" (fig. 6-8 From a shipwreck between the island of Rhodes and Serge Limani in Turkey, two intact flaring glass beakers with cut decoration were recovered.
One of them has a sequence of arch-like designs similar to the Nishapur examples (figs. 6-4,5). The other is slender, 14.0 cm in height and 7.5 cm in diameter at the rim, and has two lions with faces looking left etched between the two horizontal lines ( fig. 6-1 ). This figure can be seen on the long-necked bottles from the above-mentioned shipwreck and the site of Sabra al-Mansuriyya (figs. 6-2,3). It is a typical pattern often used in the products of the Fatimid period.
Because a glass weight dated to A.H. 415 [A.D. 1024/25] was found, it is thought that this ship was sailing from around Caesarea toward Constantinople about that year." However, judging from the style, the glass bottle can be dated earlier than that year.12
Nishapur was constructed during the Sasanian period and the Abbasid governor resided there as an eastern administrative base in the early Islamic period. From the ninth century prosperity continued as a central city under the Tahrid, Saffarid, Ghaznavid and Seljuq dynasties. It is reported that twenty pieces of flaring beakers with cut decoration were found from the tenth century layers when the city reached its peak of prosperity. This is the largest number of excavated beakers of this type. are owned by several other museums (see table 3 ).
As mentioned above, the dates of the finds from these three sites belong to the period between the late tenth century and the early eleventh century. The only example before the ninth century is one from Fustat.14 It is in the same proportions and with cut decoration: one line below the rim on the inside and two lines at the center of the body on the outside. But, the base is convex and the size is smaller. It is 8.5 cm in height, 5.3 cm in diameter at the rim and 3.5 cm at the base. So, it can be viewed as a prototype of the later flaring beakers. Moreover, a scene is also illustrated in which one or two persons pour some liquid from a bottle to a flaring beaker. The bottle shown in it has a globular body and a long neck. It is thought that such a long-necked bottle and a flaring beaker were used as a set of drinking vessels. 23 In fact, from the sites where the flaring beakers were found, a long-necked bottle with the rim bent outward was also found. In Sabra al-Mansuriyya four flaring beakers were discovered in a big earthen jar, which also contained seven long-necked bottles with cut decoration. 24 The fact that among fourteen objects four are flaring beakers and seven are long-necked bottles shows that this jar was used for storing the set of drinking vessels, a flaring beaker and long-necked bottle.
The close relationship between the flaring beaker and the long-necked bottle can be also pointed out in respect to the decorative motifs.
ORIENT THE ISLAMIC GLASS BEAKER WITH WHEEL-CUT DECORATION FROM RAYA, SOUTH SINAI
The lion, commonly depicted in Fatimid Egypt, is seen on the flaring beakers and the long-necked bottle from the shipwreck off Serce Limani, and it was also portrayed on the long-necked bottle from Sabra al-Mansuriyya (figs. 6-1-3).25 Sabra al-Mansuriyya was the capital of the Fatimid dynasty before the transfer to Cairo, and the ship is thought to have wrecked on the way to Constantinople, the capital of the Byzantine Empire. It shows that long distance trade of expensive glassware was conducted from the center of the Islamic world to the Mediterranean Sea world. Another flaring beaker from Serce Limani has an arched. frieze, but it is devoid of patterns ( fig. 6-4 ). This similarity can be found in the flaring beaker and the long-necked bottle from Nishdpur, which was the center of the eastern Islamic world ( fig. 6-5 ).26 Among the glass finds from Sabra al-Mansuriyya there is one flaring beaker and three long-necked bottles bearing a sequence of geometrical patterns consisting basically of cross stripes (figs. 6-6,7). They are regarded as a set.
Another flaring beaker with pseudo-letters is paired with the long-necked bottle with the pseudo-letters of 1 (alif) and J (kill) written repeatedly on the shoulder (figs. 6-8, 9). The beaker with a band applied on the upper part might be paired with the long-necked bottle with simple cut decoration ( fig. 6-11 ). Kroger referred to the pattern of the band in which two lines cross regularly in his study of spherical bottles ( fig. 6-12 ).27 He pointed out that this pattern does not appear on objects from Khurasan, but is characteristic of objects from Syria and Egypt.28 This pattern is more similar to that of the phial excavated from Fustat by the mission of Waseda University ( fig. 6-13 ) and to the shallow bowl decorated in black pigments from Raya ( fig. 6-14) .29 Finally, it is possible to say that by a process of elimination the most luxurious flaring beaker by the cameo technique was combined with the long-necked bottle with a lion motif (figs. 6-3,15) . Twelve fragments of the long-necked bottles with a bent rim, cylindrical body and flat base were found at Raya (figs. 7-1-4). They consist of three necks, two bases and seven shoulders. As for color, nine are colorless, two are pale bluish-green, and one is deep blue. A neck fragment of deep blue has shallow cut by grinding and zigzag patterns between two lines. The others have about the same patterns, and the cut technique is also the general linear-cut. The clear and colorless fragment of neck is cut deeply and is of fine quality. The diameter of the rim is 6.8 cm; its outer edge is cut obliquely with a wheel. The neck part is as thick as 0.5 cm and has the simple geometric pattern in combination with lengthwise rectangles and herringbones separated by a thick line. A sequence of dots is on the corners of shoulder and base, and one or two lines are etched close together.
The form of this bottle is supposed to resemble the bottles from Nishapur30 and from the stupa of the Dule Temple in Tianjin that was reconstructed in 948.31 They have the similar facet cut decoration on their necks, like the Raya object, and a sequence of dots and one or two lines on the corners of the shoulder and base. The body is plain. The former was found in the tenth century layer. The latter was in the Liao dynasty layer and is thought to have been buried in the second half of the tenth century. Judging from the similarity with these examples, most of the Raya bottles belong to the tenth century.
However, the ratio of flaring beakers and long-necked bottles with cut decoration is quite low. In more than ten thousand glass finds from Raya the flaring beakers are only nineteen and the bottles are only twelve. Also, the unpolished cut-off rim is of no practical use, because the edge is subject to damaging. The thick and large bottle which curves smoothly from the rim to the body and the cylindrical beaker, or deep dish, which are all bluish-green, were used mainly for drinking in Raya (figs. 7-5-8). The number of large bottles is 271 and that of beakers and dishes is 4,267, so they are overwhelmingly in the majority. These facts show that the pale bluish vessels were generally for daily use, while the colorless vessels with cut decoration were imported to this city as special quality goods. The second point is the existence of utilitarian and quality glass. In Roman and Sasanian glass of the pre-Islamic periods, glassware became a high-class article just because it was glass. But, in Islamic glass, in the process of expanded use of glass vessels, a clear line was drawn between mass-produced practical coarse glass and glass of special aesthetic value. The formative period of Islamic glass is between the ninth and the tenth centuries, which coincides with the flourishing period of Raya.
As for a set of drinking vessels, a cylindrical beaker and a coarse large bottle in pale bluish-green were for practical use, while a flaring beaker and a long-necked bottle with cut decoration of colorless glass were intended for specialized or ornamental use: They are limited in quantity, in composition and in finds. Judging from the points that the intact object was unearthed and that the rim was unpolished and therefore unsuitable for practical service, it is unreasonable to think that it was frequently used, so that it should have been for special use.32
Moreover, it can be pointed out that flaring beakers were traded over a wide area, but were unearthed in limited sites in local powerful cities of the Islamic period, such as Sabra al-Mansuriyya, a shipwreck off Serce Liman1 which is thought to have been bound for Constantinople, Nishapur, and so on. The second half of the tenth century was the age of prosperity of the Fatimid dynasty whose capital was Cairo, and the Mediterranean trade and the Red Sea trade were also active. It cannot be determined, but the production center of glass vessels was probably in the Syro-Palestine area. It is likely, therefore, that the glass products of quality in the Fatimid dynasty were acquired by local powerful persons. Harden 1936 , Class V; Wubberg 1988, nos. 162-200. 18 Musee Guimet . 19 MECCJ no . 8689; Wubberg 1988, no. 195 . Similar examples were found from Jalame.
20 The most typical example is a bowl with facet cut decoration in the Shosoin . Kroger 1995, nos. 171, 203, 211, 213, 220, 221 . 
